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SUMMARY 

An investigation has been initiated in the Langley 20-foot free- 
spinning tunnel to study the gyroscopic effects of jet-engine rotating 
parts (or of rotating propellers) on the erect spin and spin-recovery 
characteristics. A 1/21-scale model of a military attack airplane was 
arbitrarily used, and tests were made at a basic loading (mass distri- 
buted chiefly along the fuselage) and at alternate loadings (additional 
mass distributed along the wings). 

The angular momentum of the rotating parts was simulated on the 
model by a rotating flywheel powered by a model airplane engine. The 
rotating flywheel (clockwise as viewed from cockpit) generally caused 
the model to spin at a decreased angle of attack and an increased rate 
of rotation in right spins, and at an increased angle of attack and a 
decreased rate of rotation in left spins. For the basic loading, rotating 
the flywheel generally changed the recovery characteristics from satis- 
factory to unsatisfactory for right spins, but for left spins the satis- 
factory recovery characteristics obtainable with the flywheel not rotating 
were not appreciably altered. For the alternate loadings, rotating the 
flywheel had, in general, little discernible net effect on recovery char- 
acteristics. 

INTRODUCTION 

Although the general policy for either intentional or accidental 
spins has been to cut off power as soon as possible after the spin is 
initiated, because of possible adverse effects, in some instances pilots 
have flown out of an otherwise uncontrollable spin by application of full 
power in a propeller-driven airplane. Sych results from power-on spins 
may possibly have been due to increased effectiveness of controls in the 
slipstream. For a jet engine, however, the situation is different, and 
unpublished data indicate that the thrust alone might be of little 
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assistance. For both propeller-driven and jet-propelled airplanes, spin 
and spin-recovery character is t ics  may d i f f e r  f o r  power-on and power-off 
conditions, as well as fo r  power-on spins t o  the r igh t  and t o  the l e f t .  
These differences may a t  times have caused serious d i f f i cu l ty  i n  recov- 
ering from spins i n  one direction, whereas recoveries from spins i n  the  
other direct ion could be readi ly  achieved. 
recoveries may have been due i n  par t  t o  the  gyroscopic moments produced 
by rotat ing propellers or ro ta t ing  par t s  of j e t  engines. For a j e t -  
propelled airplane, the ro ta t ing  par ts  of the engine may continue t o  
ro t a t e  a t  nearly f u l l  speed for a long time a f t e r  power i s  cut  off because 
of angular momentum. 

The differences i n  s p b s  and 

The present preliminary investigation has been made t o  determine 
the gyroscopic e f fec ts  of jet-engine ro ta t ing  par ts  (or of ro ta t ing  pro- 
pe l l e r s )  on the  erect  spin and recovery character is t ics  of a model of 
a mi l i ta ry  a t tack  airplane. Tests were conducted i n  the Langley 20-foot 
free-spinning tunnel, and the gyroscopic moments were obtained on the 
model by means of a rotat ing flywheel powered by a model airplane engine. 
Tests with power on and power off were made fo r  both right and l e f t  spins 
a t  a basic mass loading (mass dis t r ibuted chief ly  along the fuselage) 
and a t  a l te rna te  loadings (additional mass dist r ibuted along the wings). 
The t e s t s  covered a range of control configurations. An analysis of the 
model r e su l t s  i s  presented i n  an attempt t o  explain the e f fec ts  of the 
flywheel ro ta t ion  on the behavior of the model during spins and recoveries, 

SYMBOLS 

The body system of axes i s  used i n  t h i s  paper. A sketch indicating 
posit ive directions of moments and angular veloci t ies  i s  shown i n  f ig-  
ure 1. 

b wing span, f t  

S wing area, sq f t  

c' mean aerodynamic chord, f t  

X/E r a t i o  of distance of center of gravity rearward of leading 
edge of mean aerodynamic chord t o  mean aerodynamic chord 

z/E r a t i o  of distance between center of gravity and reference 
l i n e  t o  mean aerodynamic chord, posit ive when center of 
gravity i s  below reference l i n e  

m mass of airplane, slugs 
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Ix,Iy,Iz moments of inertia about X-, Y-, and Z-axes, respectively, 
2 slug-f t 

polar moment of inertia of flywheel, slug-ft2 IP 

inertia yawing-moment parameter Ix - IY 
mb2 

Iy - Iz 
mb2 

Iz - Ix 
mb2 

P 

I-1 

U 

P 

9 

r 

L 

M 

N 

P' 

Subscripts : 

i 

inertia rolling-moment parameter 

inertia pitching-moment parameter 

air density, slugs/cu ft 

airplane relative-density coefficient, m/pSb 

angle between reference line and vertical (approximately 
equal to absolute value of angle of attack at plane of 
symmetry) , deg 

angle between Y-axis and horizontal, deg 

full-scale rate of descent, ft/sec 

full-scale angular velocity about spin axis, radians/sec 
except on charts where revolutions per second ( rps) 
is used 

angular velocity in r o l l ,  radians/sec 

angular velocity in pitch, radians/sec 

angular velocity in yaw, radians/sec 

rolling moment, ft-lb 

pitching moment, ft-lb 

yawing moment, ft-lb 

angular velocity of flywheel, radians/sec 

inertia 

aerodynamic aero 



4 NACA TN 3480 

APPARATUS AND METHODS 

Model 

As previously indicated, a l/2l-scale dynamic model of a military 
attack airplane was arbitrarily used in the investigation. The angular 
momentum of the full-scale rotating engine parts or propellers was simu- 
lated by a rotating flywheel powered by a model airplane engine located 
so that the axis of the angular  moment^ was parallel to that of the 
corresponding airplane. 
the pilot's position. No attempt was made to simulate the slipstream 
effect of a propeller. A three-view drawing of the model as tested, 
showing the engine and flywheel mounted on the model, is presented in 
figure 2. 
sponds to the 1/21-scale model investigated are presented in table I. 
The model was ballasted to obtain dynamic similarity to the corresponding 
airplane at an altitude of 15,000 feet (p = 0.001496 slug/cu ft). Mass 
characteristics and inertia parameters for the basic loading and the 
alternate loadings 1 and 2 are presented in table 11; also presented is 
the inertia of the engine represented. A remote-control mechanism was 
installed in the model to actuate the controls for the recovery attempts. 

The flywheel rotated clockwise when viewed from 

The dknensional characteristics of the airplane which corre- 

Wind Tunnel and Testing Technique 

The tests were conducted in the Langley 20-foot free-spinning 
tunnel; operation of the tunnel is generally similar to that of the 
free-spinning tunnel described in reference 1, except that the model 
launching technique for the spin tests has been changed. With the con- 
trols set in the desired position, the model is launched by hand with 
rotation into the vertically rising airstream. After a number of turns 
in the established spin, the recovery is attempted by moving one or more 
model controls by means of the remote-control mechanism. 
ery, the model dives into a safety net. A photograph of the model during 
a spin is shown in figure 3 .  

After recov- 

Based on spin-tunnel experience, recovery characteristicsiof a model 
are generally considered satisfactory if, after movement of controls, 
rotation stops within two turns for the spin with the normal spin-control 
configuration (ailerons neutral, elevator full up, and rudder full with 
spin), and if slight deviation of controls (ailerons deflected one-third 
in the adverse direction, elevator two-thirds of full up, and rudder 
moved to only two-thirds of full against spin) does not increase the 

1 turns required for recovery beyond 2- For the present investigation, 4' 
recovery characteristics were considered satisfactory if recoveries from 
all spins with elevators up (ailerons with the spin, neutral, and against 
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the  spin),  as  w e l l  as from the spin with elevator and ai lerons neutral ,  
took place within 2 t  turns. 

s t r i kes  the safety net while s t i l l  i n  a spin, the recovery i s  recorded 
as greater than the  number of turns made from the time the controls 

>3-turn recovery does not necessarily indicate an improvement over a 
>7-turn recovery. For recovery attempts i n  which the model does not 
recover within 10 turns before s t r ik ing  the  net, the recovery r e su l t s  
a r e  generally recorded as  00. 

For recovery attempts i n  which a model 

were moved t o  the time the model struck the net (for example, >3). A 

For the t e s t s  i n  which the model w a s  launched with the flywheel 
rotating, the flywheel w a s  brought up t o  f u l l  speed before the model 
w a s  launched in to  the tunnel. 

r n C I S I O N  

The t e s t  results presented herein a re  believed t o  be the t rue  
values given by the model within the following limits: 

u , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fl 

V , p e r c e n t . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  k5 
R , p e r c e n t . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  f 2  

$ ,deg  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *l 

Turns fo r  recovery: 
h e n  obtained from motion-picture records . . . . . . . . . . .  t S / 4  
When obtained by visual estimate . . . . . . . . . . . . . . . .  k1/2 

These limits may have been exceeded fo r  cer ta in  spins i n  which it w a s  
d i f f i c u l t  t o  control the model i n  the tunnel because of the wandering 
o r  osci l la tory nature of the  spin. 

Because of inadvertent changes i n  the model due t o  minor repairs,  
such as are  customarily made during t e s t s  of free-spinning models, the 
measured weight and mass dis t r ibut ion of the  model varied from the orig- 
i n a l  values l i s t e d  i n  table  I1 within the following limits: 

Weight, percent . . . . . . . . . . . . . . . . . . . . . .  0 t o  1 low 
Center-of-gravity location, percent E . . . . . . . . .  0 t o  2 rearward 

Moments of iner t ia ,  percent: 
Ix . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 t o 3 l o w  

Iz . . . . . . . . . . . . . . . . . . . . . . . . . . .  O t o 2 h i g h  
Iy . . . . . . . . . . . . . . . . . . . . . . . . . . .  O t o b h i g h  
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The accuracy of measuring weight and mass d is t r ibu t ion  i s  believed 
t o  be within the following limits: 

Weight, percent . . . . . . . . . . . . . . . . . . . . . . . . . .  tl 
Moments of i ne r t i a ,  percent . . . . . . . . . . . . . . . . . . . .  k5 Center-of-gravity location, percent E . . . . . . . . . . . . . . .  21 

TEST CONDITIONS 

A l l  t e s t s  were conducted with the f l aps  and landing gear re t racted 
For and the cockpit closed. 

each control configuration used, t e s t s  were made a l te rna te ly  with the  
flywheel not rotat ing and with the flywheel rotating. 
the flywheel w a s  such as t o  simulate the  engine par t s  of a fu l l - sca le  
airplane which are rotat ing a t  3,000 revolutions per minute, within 
approximately t 5  percent. 

The design included fixed extended s l a t s .  

The ro ta t ion  of 

The control configurations used during spins f o r  a l l  loadings were 
up-elevator set t ings with ailerons neutral ,  ai lerons against the spin 
( s t ick  l e f t  i n  a r igh t  spin) ,  and ailerons with the spin; and elevator- 
neutral  and elevator-down set t ings with ailerons neutral .  For the  a l t e r -  
nate loadings, some t e s t s  were also made with ailerons against the spin 
and with the spin when the elevators were neutral  and down. Recoveries 
were attempted by rapid reversal  of the rudder from f u l l  with t o  f u l l  
against the spin. The t a i l  f i n  was s e t  a t  an angle of 3 O  with the center 
l i n e  of the model, the leading edge was t o  the l e f t ,  and the rudder 
deflections were measured from the f i n  plane. 

Control deflections used on the model during the t e s t s  (measured 
perpendicular t o  the hinge l i nes )  were as  follows: 

Rudder, deg . . . . . . . . . . . . . . . . . . . . .  28 r ight ,  28 l e f t  
Elevator, deg . . . . . . . . . . . . . . . . . . . . .  2’3 up, 15 down 
Ailerons, deg . . . . . . . . . . . . . . . . . . . . .  1-7 up, 13 down 

RESULTS AND D I S C U S S I O N  

The r e su l t s  of the model t e s t s  a re  presented i n  charts 1 t o  6. 
of descent, angle of attack, r a t e  of rotation, angle of wing tilt during 
the developed spin, and number of turns f o r  recovery are presented for  
r igh t  and l e f t  spins with the flywheel rotat ing and not rotat ing f o r  each 
configuration tested.  In  the charts, the  center blocks represent spins 
with neutral  controls. 
indicate elevator set t ings f o r  top and bottom rows of blocks; horizontal 
arrows indicate aileron set t ings for  columns on r igh t  and l e f t .  

Rate 

Arrows extending ver t ica l ly  from the center blocks 
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The ef fec t  of flywheel rotat ion (rotat ion clockwise when viewed from 
the p i l o t ' s  posit ion) fo r  r igh t  spins generally w a s  t o  decrease the angle 
of a t tack and t o  increase the rate of ro ta t ion  fo r  a l l  loading conditions 
tested.  
and decreased the r a t e  of rotation. 

Fox l e f t  spins, flywheel rotat ion increased the  angle of a t tack  

For the basic loading with the mass dis t r ibuted chief ly  along the  
fuselage, ro ta t ion  of the flywheel for  r igh t  spins changed the recovery 
character is t ics  from sat isfactory t o  unsatisfactory (chart 1). 
spins (chart 2)  the sat isfactory recovery character is t ics  were, i n  gen- 
e ra l ,  affected very l i t t l e .  For the a l te rna te  loadings with additional 
mass distributed along the wings, recovery character is t ics  which were, 
i n  general, already unsatisfactory remained unsatisfactory when the f ly -  
wheel was rotating. 

For l e f t  

I n  general, f o r  a l l  loadings with the flywheel not rotating, l e f t  
spins were steeper than the corresponding r igh t  spins and recoveries from 
the l e f t  spins were fas te r .  This may be a t t r ibu tab le  at  l e a s t  i n  pa r t  
t o  the f i n  angle and corresponding asymmetric rudder deflection t o  the  
r igh t  and l e f t ,  re la t ive  t o  the plane of symmetry of the model. 

A s  an a id  i n  explaining the effects  of flywheel ro ta t ion  on the  
behavior of the model during spins and recoveries, an analysis was made 
of the moments produced during the spin by the spinning mass of the air- 
plane (gyrodynamic ine r t i a  moments) and the  moments produced by the  rota- 
t i on  of the flywheel about i t s  own axis (gyroscopic i n e r t i a  moments). 
The relationships between the gyrodynamic and gyroscopic ine r t i a  moments 
a r e  indicated by the equations 

M i  E (Iz - Ix)rp - I$'r (3) 

Equations (l), ( 2 ) ,  and (3) a re  based on the assumption of a f u l l y  devel- 
oped steady spin which i s  without osci l la t ions and is  about a ve r t i ca l  
spin axis. The steepening of the  r igh t  spins and the f la t ten ing  of the 
l e f t  spins caused by the flywheel rotat ion may be explained i n  par t  by 
using equation (3). 
the sum of the  gyrodynamic i n e r t i a  moments from reference 2 ( f i r s t  term 
on right-hand s ide)  and the gyroscopic i n e r t i a  moments (second t e r m  on 
right-hand side). The gyroscopic moment ac t s  i n  a nose-down direction, 
whereas the gyrodynamic moment ac ts  i n  a nose-up direction. 
spin, the gyroscopic moment and the gyrodynamic mment both a c t  i n  a 
nose-up direction. 

This equation (written fo r  a r igh t  spin) represents 

For the  l e f t  
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The changes which occurred in  the rate of spin ro ta t ion  R as a 
r e su l t  of the flywheel ro ta t ion  may be explained by 

which i s  the pitching-moment equation of motion f o r  a developed spin 
with the flywheel rotating. 
equal and opposite i n  sign t o  the complete ine r t i a  pitching moment 
(eq. ( 3 ) ) ,  equation (4) is  obtained by se t t i ng  the aerodynamic pitching 
moment equal t o  equation (3). 

Since the aerodynamic pitching moment i s  

By subst i tut ing approximate values f o r  p and r 

p = n cos a 

and 

r = R s in  a 

equation (4) may be expressed for a r igh t  spin as 

- IpP'r (5  2 s i n  2a 
2 -%ero = ("z - Ix)" 

The aerodynamic pitching moment generally ac ts  i n  a nose-down (negative) 
direction i n  a spin and, therefore, 

'aero 

-Qir0 bec ome s -(-%era) 9 or  

Solving equation ( 5 )  f o r  R gives 

Thus, f o r  a right spin the aerodynamic pitching moment and the gyroscopic 
ine r t i a  mment i n  equation (6) are additive and should increase R, the 
r a t e  of rotation. For a l e f t  spin, r i s  negative and the numerator of 
equation (6) would be 
and the r a t e  of rotat ion should decrease. 

%era - I y'r; thus, the terms a re  subtractive P 

Spin-tunnel experience has indicated tha t  the yawing moment act ing 
i n  the spin may be a primary factor i n  determining w h a t  the recovery 
character is t ics  w i l l  be. A s  suggested i n  reference 3 ,  a parameter showing 
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the  manner i n  which the  mass i s  dis t r ibuted i n  the airplane, that is, 
whether it i s  dis t r ibuted primarily along the fuselage or  along the  wings, 
may oftentimes be used as an indication of the anticipated effect .  
th is  basis alone, recoveries i n  which the  rudder i s  reversed may be 
expected t o  be affected by the resul t ing increment i n  pitching velocity Aq 
due t o  the ro ta t ing  flywheel. For right spins with the basic loading, the 
corresponding increment i n  the  gyrodynamic yawing moment AN (where 
AN = (Ix - Iy)p Aq) would be posit ive (pro-spin) and therefore would have 
an adverse e f f ec t  on recoveries because of a negative (nose-down) incre- 
ment i n  q. For l e f t  spins, the increment i n  AN would be anti-spin. 
For the  basic loading w i t h  flywheel rotating, the differences i n  recovery 
character is t ics  f o r  r igh t  and l e f t  spins could be considered consistent 
with th i s  reasoning, but on the basis of the r e su l t s  on a l l  the  charts, 
many other fac tors  such as angle of attack, r a t e  of rotation, and Dther 
cross-couple terms, fo r  example, 
and may make prediction of the net e f fec t  of engfne rotat ing pa r t s  d i f f i -  
cu l t .  It appears t h a t ,  i n  order t o  get the net e f fec t  on a specific 
desipp, dynamic t e s t s  i n  the spin tunnel w i l l  be necessary, a t  least 
u n t i l  more research r e su l t s  become available. 

On 

(Iz - Ix)'P, can influence the results 

SUMMARY OF RESULTS 

A preliminary investigation i n  the Langley 20-foot free-spinning 
tunnel t o  determine the e f f ec t s  of gyroscopic moments produced by a rota- 
t i ng  flywheel (clockwise as viewed from cockpit) on the  erect spin and 
spin-recovery character is t ics  of a 1/21-scale model of a mil i tary at tack 
airplane has yielded the following resul ts :  

1. For a l l  loading conditions tested,  the ro ta t ing  flywheel generally 
caused the model t o  spin a t  a decreased angle of a t tack  and an increased 
r a t e  of ro ta t ion  i n  r igh t  spins, and a t  an increased angle of a t tack  and 
a decreased rate of ro ta t ion  i n  l e f t  spins. 

2. For the basic l o a d b g  w i t h  the mass dis t r ibuted chief ly  along the 
fuselage, recovery Characterist ics were, i n  general, changed from satis- 
factory t o  unsatisfactory f o r  r igh t  spins when the flywheel w a s  rotated.  
For l e f t  spins, the sat isfactory recovery character is t ics  obtainable w i t h  
the  flywheel not rotat ing were not discernibly a l te red  when the flywheel 
was rotating. 

3 .  For the al ternate  loadings with additional mass dis t r ibuted along 
the wings, rotat ing the flywheel had, i n  general, l i t t l e  discernible net 
e f fec t  on recovery character is t ics .  
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4. It appears that ,  i n  order t o  determine the net e f fec t  of rotat ing 
engine par t s  (or rotat ing propellers) on the recovery character is t ics  f o r  
a specific airplane, dynamic spin-tunnel t e s t s  of a model w i l l  be necessary. 

Langley Aeronautical Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley Field, Va., June 21, 1955. 
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TABU I.- DIMENSIONAL CHARACTERISTICS OF TEE 

AIRPLANE CORRESPONDING TO TIIE 1/21-SCAI;E 

MODEL INVESTIGATED 

Overall length, f t  . . . . . . . . . . . . . . . . . . . . . . .  37.96 
-6 Tail-damping power factor . . . . . . . . . . . . . . . . .  9 6  x 10 

Wing: 
Span, f t  . . . . . . . . . . . . . . . . . . . . . . . . .  
Airfoi l  section: 
Area, s q f t  . . . . . . . . . . . . . . . . . . . . . . .  

Root chord . . . . . . . . . . . . . . . . . . . . . . .  
Tip chord . . . . . . . . . . . . . . . . . . . . . . .  

Mean aerodynamic chord, c y  in. . . . . . . . . . . . . .  
edge of mean aerodynamic chord, in .  . . . . . . . . . .  

Tip, deg . . . . . . . . . . . . . . . . . . . . . . .  

- 
Distance from leading edge of wing rearward t o  leading 

Inc idence : 
Root, deg . . . . . . . . . . . . . . . . . . . . . . .  

Dihedral, deg . . . . . . . . . . . . . . . . . . . . . .  

. 50.19 . 400.3 

NACA 2417 
NACA 4413 . . 100.05 

. . 14.125 

3.75 . . 0.23 . .  6 

Ailerons : 
Area (rear of hinge l i ne ) ,  sq f t  . . . . . . . . . . . . . .  33.4 
Distance from hinge l i n e  t o  t r a i l i ng  edge (outboard t i p ) ,  

percent chord . . . . . . . . . . . . . . . . . . . . . . .  19.0 
Span, percent wing span . . . . . . . . . . . . . . . . . . .  48.6 

Horizontal-tail surfaces: 
Total area, sq ft  . . . . . . . . . . . . . . . . . . . . . .  86.97 
Span, f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  19.83 
Elevator area (rear of hinge l i ne ) ,  sq f t  . . . . . . . . . .  22.3 

l ine,  f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  22.47 
Distance from normal center of gravity t o  elevator hinge 

Airfoi l  section . . . . . . . . . . . . . .  NACA 0012-64 (modified) 

Vert ical- ta i l  surfaces: . . . . . . . . . . . .  Fin angle (leading edge t o  l e f t ) ,  deg 3 
Total area, sq f t  . . . . . . . . . . . . . . . . . . . . . .  39.9 
T o t a l  rudder area (rear of hinge l i n e ) ,  sq f t  . . . . . . . .  19.66 
Distance from norm1 center of gravity t o  rudder 

hinge l ine ,  f t  . . . . . . . . . . . . . . . . . . . . . . .  23.73 
Airfoil  section . . . . . . . . . . . . . . . .  0013 (modified) 



12 NACA TN 3480 

rn 
3 

I 

H 
H 

X 

X 

I d N  

M' a 
d a 
cd 
4 
0 
d 

4 



NACA TN 3480 13 

d 



14 NACA TN 3480 



NACA TN 3480 

Ln 

5: 
P O  a a  

* *  
010 
E E  
C E  4.4 



NACA m 3480 



3Y 
NACA TN 3480 



18 NACA "PI 3480 

F 
d 
e 
e 
k 
d 
0 

3 
E 
;;1 

I I d  I I 

M 
d 
e 
43 

k 
e 
c 
rl 0 

3 
k 
G 

N 

C 

3- 
o m  
C f i  -+-I 
3 3  

P6 



NACA TN 3480 

P 

Figure 1.- Sketch showing posit ive directions of moments and angular 
veloci t ies  about body system of axes. 
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.54" 

del airplane engine 

Figure 2.- Three-view drawing of a 1/21-scale model of a military attack 
airplane used f o r  gyroscopic-moment tests in Langley 20-foot free- 
spinning tunnel. Dimensions are model values. Center-of-gravity 
position shown is fo r  alternate loading 2. 
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L-82629 
Figure 3 . -  Photograph of model spinning i n  Langley 20-foot free-spinning 

tunnel. 

NACA - Langley Field, Va. 


